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COMPUTER PROGRAM

(57) A wireless communication device installed in a
flying vehicle, includes a wireless communication part
configured to receive a wireless signal transmitted from
a wireless base station, a cell counter configured to count
the number of cells corresponding to wireless base sta-
tions identified by wireless signals received by the wire-
less communication part, and a communication controller
configured to change a communication party selecting

method to select the wireless base station serving as a
communication party from among a plurality of wireless
base stations serving as communication party candi-
dates when an increment or a decrement of a unit-time
cell count representing the counting result of the cell
counter in a predetermined time is equal to or more than
a predetermined threshold.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a wireless com-
munication device, a communication control method, and
a computer program.
[0002] The present application claims the benefit of pri-
ority on Japanese Patent Application No. 2017-90697
filed on April 28, 2017, Japanese Patent Application No.
2017-91775 and Japanese Patent Application No.
2017-91776 filed on May 2, 2017, the subject matter of
which is hereby incorporated herein by reference.

BACKGROUND ART

[0003] Conventionally, handover technology to switch
over wireless base stations wirelessly connected to mo-
bile terminals is known (see Patent Document 1).

CITATION LIST

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent Applica-
tion Publication No. 2014-192738

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] Conventional technology is designed to acquire
information relating to wireless base stations serving as
hand-over destinations for mobile terminals based on the
position information of mobile terminals and the reception
quality information of mobile terminals.
[0006] According to conventional technology, howev-
er, it is impossible to acquire information relating to an
appropriate wireless base station serving as a handover
destination of a mobile terminal existing in the sky, which
may cause an unstable condition of communication with
a mobile terminal existing in the sky. This is because a
good view may be obtained in the sky rather than on the
ground. Due to good visibility in the sky rather than on
the ground, a larger number of wireless signals from wire-
less base stations may reach a mobile terminal flying in
the sky rather than a mobile terminal located on the
ground even when those mobile terminals are each lo-
cated at the same position in a horizontal direction (i.e.
at the same longitude and the same latitude). This may
cause a situation allowing for an increasing number of
wireless base stations serving as handover destinations
having the same level of reception quality in the sky rather
than on the ground, which may inadvertently cause an
unstable condition of communication with a mobile ter-
minal existing in the sky due to a failure to obtain infor-
mation relating to an appropriate wireless base station
serving as a handover destination of a mobile terminal

existing in the sky.
[0007] The present invention is made in consideration
of the aforementioned circumstances and aims to im-
prove the stability of communication with a wireless com-
munication device existing in the sky.

SOLUTION TO PROBLEM

[0008]

(1) In an aspect of the present invention, a wireless
communication device installed in a flying vehicle
includes a wireless communication part configured
to receive a wireless signal transmitted from a wire-
less base station, a cell counter configured to count
the number of cells corresponding to wireless base
stations identified by wireless signals received by
the wireless communication part, and a communica-
tion controller configured to change a communica-
tion party selecting method to select the wireless
base station serving as a communication party from
among a plurality of wireless base stations serving
as communication party candidates when an incre-
ment or a decrement of a unit-time cell count repre-
senting the counting result of the cell counter in a
predetermined time is equal to or more than a pre-
determined threshold.
(2) In an aspect of the present invention, the wireless
communication device according to (1) includes the
communication controller configured to change the
communication party selecting method to a prede-
termined sky communication party selecting method
when the increment of the unit-time cell count is
equal to or more than the predetermined threshold.
(3) In an aspect of the present invention, the wireless
communication device according to (1) further in-
cludes a flying-vehicle moving direction determina-
tion part configured to determine whether the moving
direction of the flying vehicle is either a vertical di-
rection or a horizontal direction. The communication
controller currently using the sky communication
party selecting method is configured to change the
communication party selecting method from the sky
communication party selecting method to a prede-
termined sky communication party selecting method
for horizontal movement when the determination re-
sult of the flying-vehicle moving direction determina-
tion part indicates that the moving direction of the
flying vehicle is the horizontal direction.
(4) In an aspect of the present invention, the wireless
communication device according to any one of (1)
through (3) includes the communication controller
configured to change the communication party se-
lecting method to a predetermined ground commu-
nication party selecting method when the decrement
of the unit-time cell count in the predetermined time
is equal to or more than the predetermined threshold.
(5) In an aspect of the present invention, the wireless
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communication device according to any one of (1)
through (4) further includes a horizontal-direction po-
sition information acquisition part configured to ac-
quire the horizontal-direction position information
representing the position of the flying vehicle in a
horizontal direction. The communication controller
increases an interval of measuring the unit-time cell
count by a predetermined time upon determining that
the movement range of the flying vehicle falls within
a certain range based on the horizontal-direction po-
sition information.
(6) In an aspect of the present invention, the wireless
communication device according to any one of (1)
through (5) implements the communication party se-
lecting method to change handover parameters for
controlling handover with the plurality of wireless
base stations serving as the communication party
candidates.
(7) In an aspect of the present invention, the wireless
communication device according to (6) includes the
communication controller configured to acquire
handover parameter candidates from the wireless
base station accessible by the flying vehicle in its
flight location.
(8) In an aspect of the present invention, the wireless
communication device according to any one of (1)
through (5) implements the communication party se-
lecting method to inhibit handover in a predeter-
mined time.
(9) In an aspect of the present invention, the wireless
communication device according to (8) includes the
communication controller configured to acquire in-
formation representing a handover inhibit time from
the wireless base station accessible by the flying ve-
hicle in its flight location.
(10) In an aspect of the present invention, the wire-
less communication device according to any one of
(1) through (5) implements the communication party
selecting method to change the number of wireless
base stations conducting concurrent communica-
tions within a plurality of wireless base stations serv-
ing as communication party candidates.
(11) In an aspect of the present invention, the wire-
less communication device according to any one of
(1) through (10) further includes an authentication
request part configured to request authentication of
the flying vehicle by acquiring the authentication in-
formation of the flying vehicle from an authentication
information storage installed in the flying vehicle and
transmitting the authentication information to an au-
thentication server configured to authenticate the fly-
ing vehicle. The communication controller changes
the communication party selecting method when the
authentication request of the flying vehicle made by
the authentication request part results in a success-
ful authentication while the communication controller
does not change the communication party selecting
method when the authentication request results in a

failed authentication.
(12) In an aspect of the present invention, a commu-
nication control method for a wireless communica-
tion device installed in a flying vehicle includes a
wireless reception step of the wireless communica-
tion device to receive a wireless signal transmitted
from a wireless base station, a cell counting step of
the wireless communication device to count the
number of cells corresponding to wireless base sta-
tions identified by wireless signals received in the
wireless reception step, and a communication con-
trol step of the wireless communication device to
change a communication party selecting method to
select the wireless base station serving as a com-
munication party from among a plurality of wireless
base stations serving as communication party can-
didates when an increment or a decrement of a unit-
time cell count representing the counting result of
the cell counting step in a predetermined time is
equal to or more than a predetermined threshold.
(13) In an aspect of the present invention, a computer
program causes a computer of a wireless commu-
nication device, which is installed in a flying vehicle
and which includes a wireless communication part
configured to receive a wireless signal transmitted
from a wireless base station, to implement a cell
counting function of counting the number of cells cor-
responding to wireless base stations identified by
wireless signals received by the wireless communi-
cation part, and a communication control function of
changing a communication party selecting method
to select the wireless base station serving as a com-
munication party from among a plurality of wireless
base stations serving as communication party can-
didates when an increment or a decrement of a unit-
time cell count representing the counting result of
the cell counting function in a predetermined time is
equal to or more than a predetermined threshold.
(14) In an aspect of the present invention, a wireless
communication device installed in a flying vehicle
includes a wireless communication part configured
to receive a wireless signal transmitted from a wire-
less base station, a neighboring cell list storage con-
figured to store a neighboring cell list received from
the wireless base station wirelessly connected to the
wireless communication part, and a communication
controller configured to change a communication
party selecting method to select the wireless base
station serving as a communication party from
among a plurality of wireless base stations serving
as communication party candidates due to the ex-
istence of an unlisted cell not listed on the neighbor-
ing cell list among a plurality of cells corresponding
to wireless base stations identified by wireless sig-
nals received by the wireless communication part.
(15) In an aspect of the present invention, a wireless
communication device installed in a flying vehicle
includes a wireless communication part configured
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to receive a wireless signal transmitted from a wire-
less base station, a wireless measurement part con-
figured to measure a radio quality indicator based
on the wireless signal received by the wireless com-
munication part, and a communication controller
configured to change a communication party select-
ing method to select the wireless base station serv-
ing as a communication party from among a plurality
of wireless base stations serving as communication
party candidates when the radio quality indicator
measured by the wireless measurement part satis-
fies a predetermined sky indicator condition.
(16) In an aspect of the present invention, the wire-
less communication device according to (14) or (15)
includes the communication controller configured to
change the communication party selecting method
to a predetermined sky communication party select-
ing method.
(17) In an aspect of the present invention, the wire-
less communication device according to (16) further
includes a flying-vehicle moving direction determi-
nation part configured to determine the moving di-
rection of the flying vehicle is either a vertical direc-
tion or a horizontal direction. The communication
controller currently using the sky communication
party selecting method is configured to change the
communication party selecting method from the sky
communication party selecting method to a prede-
termined sky communication party selecting method
for horizontal movement according to the determi-
nation result of the flying-vehicle moving direction
determination part indicating that the moving direc-
tion of the flying vehicle is the horizontal direction.
(18) In an aspect of the present invention, the wire-
less communication device according to (14)
through (17) implements the communication party
selecting method to change handover parameters
for controlling handover among a plurality of wireless
base stations serving as communication party can-
didates.
(19) In an aspect of the present invention, the wire-
less communication device according to (18) in-
cludes the communication controller configured to
acquire handover parameter candidates from the
wireless base station accessible by the flying vehicle
in its flight location.
(20) In an aspect of the present invention, the wire-
less communication device according to any one of
(14) through (17) implements the communication
party selecting method to inhibit handover in a pre-
determined time.
(21) In an aspect of the present invention, the wire-
less communication device according to (20) in-
cludes the communication controller configured to
acquire information representing a handover inhibit
time from the wireless base station accessible by the
flying vehicle in its flight location.
(22) In an aspect of the present invention, the wire-

less communication device according to any one of
(14) through (17) implements the communication
party selecting method to change the number of wire-
less base stations conducting concurrent communi-
cations within a plurality of wireless base stations
serving as communication party candidates.
(23) In an aspect of the present invention, the wire-
less communication device according to any one of
(14) through (22) further includes an authentication
request part configured to request authentication of
the flying vehicle by acquiring the authentication in-
formation of the flying vehicle from an authentication
information storage installed in the flying vehicle and
transmitting the authentication information to an au-
thentication server configured to authenticate the fly-
ing vehicle. The communication controller changes
the communication party selecting method when the
authentication request of the flying vehicle made by
the authentication request part results in a success-
ful authentication while the communication controller
does not change the communication party selecting
method when the authentication request results in a
failed authentication.
(24) In an aspect of the present invention, a commu-
nication control method for a wireless communica-
tion device installed in a flying vehicle includes a
wireless reception step of the wireless communica-
tion device to receive a wireless signal transmitted
from a wireless base station, a neighboring cell list
storing step of the wireless communication device
to store a neighboring cell list, which is received from
the wireless base station wirelessly connected there-
to, on a neighboring cell list storage, and a commu-
nication control step of the wireless communication
device to change a communication party selecting
method to select the wireless base station serving
as a communication party from among a plurality of
wireless base stations serving as communication
party candidates due to the existence of an unlisted
cell not listed on the neighboring cell list among a
plurality of cells corresponding to wireless base sta-
tions identified by wireless signals received in the
wireless reception step.
(25) In an aspect of the present invention, a computer
program causes a computer of a wireless commu-
nication device, which is installed in a flying vehicle
and which includes a wireless communication part
configured to receive a wireless signal transmitted
from a wireless base station, to implement a neigh-
boring cell list storing function of storing a neighbor-
ing cell list received from the wireless base station
wirelessly connected to the wireless communication
part, and a communication control function of chang-
ing a communication party selecting method to select
the wireless base station serving as a communica-
tion party from among a plurality of wireless base
stations serving as communication party candidates
due to the existence of an unlisted cell not listed on
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the neighboring cell list among a plurality of cells
corresponding to wireless base stations identified by
wireless signals received by the wireless communi-
cation part.
(26) In an aspect of the present invention, a commu-
nication control method for a wireless communica-
tion device installed in a flying vehicle includes a
wireless reception step of the wireless communica-
tion device to receive a wireless signal transmitted
from a wireless base station, a wireless measure-
ment step of the wireless communication device to
measure a radio quality indicator based on the wire-
less signal received in the wireless reception step,
and a communication control step of the wireless
communication device to change a communication
party selecting method to select the wireless base
station serving as a communication party from
among a plurality of wireless base stations serving
as communication party candidates when the radio
quality indicator satisfies a predetermined sky indi-
cator condition.
(27) In an aspect of the present invention, a computer
program causes a computer of a wireless commu-
nication device, which is installed in a flying vehicle
and which includes a wireless communication part
configured to receive a wireless signal transmitted
from a wireless base station, to implement a wireless
measurement function of measuring a radio quality
indicator based on the wireless signal received by
the wireless communication part, and a communica-
tion control function of changing a communication
party selecting method to select the wireless base
station serving as a communication party from
among a plurality of wireless base stations serving
as communication party candidates when the radio
quality indicator satisfies a predetermined sky indi-
cator condition.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the present invention, it is possible
to obtain an effect of improving the stability of communi-
cation with a wireless communication device existing in
the sky.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a block diagram showing an example of a
functional configuration of a flying vehicle according
to one embodiment.
Fig. 2 is a schematic view showing a configuration
example of the external appearance of the flying ve-
hicle according to one embodiment.
Fig. 3 is a block diagram showing an example of a
hardware configuration of a wireless communication
device according to one embodiment.

Fig. 4 is a block diagram showing an example of a
functional configuration of the wireless communica-
tion device according to one embodiment.
Fig. 5 is a table showing a configuration example of
handover parameter candidate data according to
one embodiment.
Fig. 6 is a table showing a configuration example of
parameter change region information according to
one embodiment.
Fig. 7 is a table showing a configuration example of
a neighboring cell list 143 according to one embod-
iment.
Fig. 8 is a flowchart showing Example 1 of a com-
munication control method according to one embod-
iment.
Fig. 9 is a flowchart showing Example 2 of a com-
munication control method according to one embod-
iment.
Fig. 10 is a flowchart showing Example 3 of a com-
munication control method according to one embod-
iment.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, the present invention will be de-
scribed by way of embodiments with reference to the
drawings.
[0012] Fig. 1 is a block diagram showing an example
of a functional configuration of a flying vehicle 1 according
to the present embodiment. Fig. 2 is a schematic view
showing a configuration example of the external appear-
ance of the flying vehicle 1 according to the present em-
bodiment. First, the mechanical configuration of the flying
vehicle 1 will be described with reference to Fig. 2.
[0013] In Fig. 2, the flying vehicle 1 include motors 60
and rotors RT. The motors 60 rotate the rotors RT to
produce lift and propulsion with the flying vehicle 1. In
this example, the flying vehicle 1 includes motors 61
through 64. The motors 61 through 64 rotate their rotors
RT1 through RT4. By controlling a drive current supplied
to each motor 60, it is possible to control the flying vehicle
1 in terms of the flying altitude, the bearing, and the
traveling direction.
[0014] The flying vehicle 1 is equipped with a camera
40. The camera 40, i.e. an imaging part, is configured to
capture a landscape surrounding the flying vehicle 1. I
this example, an imaging direction of the camera 40
matches a nose bearing HDG of the flying vehicle 1. In
this case, the camera 40 captures a landscape in a for-
ward direction of the flying vehicle 1. The camera 40 out-
puts an image capturing a landscape.
[0015] Next, the functional configuration of the flying
vehicle 1 will be described with reference to Fig. 1. In Fig.
1, the flying vehicle 1 includes flight control unit 10, a
flight positioning part 30, the camera 40, the motors 60,
a power source unit 80, and a wireless communication
device 100. The flight control unit 10 includes an authen-
tication information storage 12.
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[0016] The flight positioning part 30 measures a posi-
tion of the flying vehicle 1 to produce a measurement
result representing a positioning value. The positioning
value represents the position in a horizonal direction (i.e.
a longitude and a latitude) and a position in a vertical
direction (i.e. an altitude). The flight positioning part 30
is equipped with an altimeter as a means of measuring
a position in a vertical direction. For example, the flight
positioning part 30 may be equipped with a GPS (Global
Positioning System) as a means of measuring a position
in a horizontal direction.
[0017] The wireless communication device 100 is con-
figured to communicate with a wireless base station lo-
cated externally of the flying vehicle 1. The wireless com-
munication device 100 may communicate with an exter-
nal device (e.g. a remote control device of the flying ve-
hicle 1 or the like) outside the flying vehicle 1 by way of
the wireless base station. For example, the wireless com-
munication device 100 may communicate with a wireless
base station connectible to a mobile phone network ac-
cording to the LTE (Long Term Evolution) system or a
wireless base station (e.g. an access point (AP)) con-
nectible to a wireless LAN (Local Area Network) accord-
ing to the communication system of IEEE 802.11.
[0018] The flight control unit 10 controls a drive current
supplied to the motors 60 so as to control the flight of the
flying vehicle 1. It is possible to set the flight route of the
flying vehicle 1 to the flight control unit 10 before flight,
or it is possible to set or change the flight route by the
flight control unit 10 during flight by way of communication
with the wireless communication device 100. The flight
control unit 10 controls the motors 60 by comparing the
flight route with a positioning value output from the flight
positioning part 30 such that the flying vehicle 1 can fly
according to the flight route.
[0019] The flight control unit 10 may communicate with
the wireless communication device 100 to receive a flight
control via an external device outside the flying vehicle
1, or the flight control unit 10 may transmit the flight mon-
itoring data representing a flying condition to an external
device outside the flying vehicle 1. As the flight monitoring
data, for example, an image captured by the camera 40
can be mentioned.
[0020] The flight control unit 10 includes the authenti-
cation information storage 12. The authentication infor-
mation storage 12 is configured to store the authentica-
tion information of the flying vehicle 1. The authentication
information of the flying vehicle 1 is unique to the flying
vehicle 1. The authentication information of the flying ve-
hicle 1 is provided to an authentication server (not shown)
configured to authenticate the flying vehicle 1, and there-
fore the authentication server may authenticate the flying
vehicle 1.
[0021] The function of the flight control unit 10 can be
achieved by specific hardware, or the flight control unit
10 can be configured of a CPU (Central Processing Unit)
and memory such that the CPU will execute computer
programs realizing the function of the flight control unit

10, thus achieving the function.
[0022] The power source unit 80 includes a battery
serving as a power source of the flying vehicle 1 and a
power source monitor configured to monitor the remain-
ing charge level of the battery. The power source unit 80
notifies the flight control unit 10 of the remaining charge
level of a battery.
[0023] The flight control unit 10 carries out a predeter-
mined flight control process based on the remaining
charge level of a battery notified by the power source unit
80. When the remaining charge level of a battery be-
comes lower than a predetermined threshold, for exam-
ple, the flight control unit 10 controls the flight of the flying
vehicle 1 to return to its original position to start the flight.
[0024] Fig. 3 is a block diagram showing an example
of a hardware configuration of the wireless communica-
tion device 100 of the present embodiment. In Fig. 3, the
wireless communication device 100 includes a CPU 101,
a storage 102, a wireless communication part 103, and
a positioning part 104. Those parts are configured to ex-
change data.
[0025] The CPU 101 is configured to control the wire-
less communication device 100. It is possible for the CPU
101 to achieve the control function by executing compu-
ter programs. The storage 102 is configured to store var-
ious data and computer programs to be executed by the
CPU 101.
[0026] The wireless communication part 103 is config-
ured to receive wireless signals transmitted by wireless
base stations. The wireless communication part 103 is
configured to transmit wireless signals to be received by
wireless base stations. The wireless communication part
103 may wirelessly communicate with wireless base sta-
tions. The wireless communication device 100 may com-
municate with wireless base stations wirelessly connect-
ed to the wireless communication part 103.
[0027] The positioning part 104 measures the position
of the wireless communication device 100 so as to pro-
duce a measurement result representing a positioning
value. The positioning value represents a position in a
horizontal direction (i.e. a longitude and a latitude). As
the positioning part 104, for example, it is possible to use
a GPS.
[0028] The CPU 101 may achieve the function of the
wireless communication device 100 by executing com-
puter programs. As the wireless communication device
100, it is possible to use a general-purpose computer
device or a specific hardware device. For example, the
wireless communication device 100 may be a mobile
communication terminal device like a smartphone.
[0029] Fig. 4 is a block diagram showing an example
of a functional configuration of the wireless communica-
tion device 100 of the present embodiment. In Fig. 4, the
wireless communication device 100 includes a wireless
measurement part 121, a cell counter 122, a communi-
cation controller 123, a horizontal-direction position in-
formation acquisition part 124m, a flying-vehicle moving
direction determination part 125, an authentication re-
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quest part 126, and a data storage 140. The data storage
140 is configured to store handover parameter candidate
data 141, parameter change region information 142, and
a neighboring cell list 143. The data storage 140 is in-
stalled in the storage 102 of the wireless communication
device 100.
[0030] The wireless measurement part 121 measures
a radio quality indicator value based on a wireless signal
received by the wireless communication part 103. The
radio quality indicator value is a value indicating the qual-
ity of wireless communication with the wireless commu-
nication device 100. For example, the radio quality indi-
cator value may be a RSSI (Received Signal Strength
Indicator), a SINR (Signal to Interference Noise power
Ratio), or a RSRP (Reference Signal Received Power).
[0031] The cell counter 122 is configured to count the
number of cells of wireless base stations to be identified
by wireless signals received by the wireless communi-
cation part 103. Hereinafter, examples of cell identifying
methods according to which the cell counter 122 identi-
fies cells of wireless base stations will be described be-
low.

(Example 1 of cell identifying method)

[0032] According to Example 1 of the cell identifying
method, it is possible to identify cells of wireless base
stations using the frequencies of wireless signals re-
ceived by the wireless communication part 103. When
the wireless communication part 103 receives a first wire-
less signal and a second wireless signals having different
frequencies, the cell counter 122 detects a first cell cor-
responding to the first wireless signal and a second cell
corresponding to the second wireless signal.

(Example 2 of cell identifying method)

[0033] According to Example 2 of the cell identifying
method, it is possible to identify cells of wireless base
stations using cell identifications (cell IDs) indicated by
wireless signals received by the wireless communication
part 103. When the wireless communication part 103 re-
ceives a first wireless signal having a first cell ID and a
second wireless signal having a second cell ID differently,
the cell counter 122 detects two cells, i.e. a first cell having
the first cell ID and a second cell having the second cell
ID.

(Example 3 of cell identifying method)

[0034] According to Example 3 of the cell identifying
method, it is possible to identify cells of wireless base
stations using frequencies of wireless signals received
by the wireless communication part 103 and cell IDs in-
dicated by wireless signals. When the first cell ID of a
first wireless signal differs from the second cell ID of a
second wireless signal, the cell counter 122 detects two
cells, i.e. a first cell having the first cell ID and a second

cell having the second cell ID, with respect to frequencies
of wireless signals received by the wireless communica-
tion part 103.
[0035] In this connection, it is possible to limit the
number of cells counted by the cell counter 122 using
reception strengths of wireless signals. For example, the
cell counter 122 may count only the cells to be identified
by wireless signals having reception strengths which fall
within a predetermined range (or a cell counting condition
range) among wireless signals received by the wireless
communication part 103. For example, reception
strengths of wireless signals would be a RSSI or a RSRP.
For example, the cell counting condition range would be
a range of conditions of handover-destination candi-
dates.
[0036] The communication controller 123 controls
communication using the wireless communication part
103. As one communication control using the wireless
communication part 103, the communication controller
123 may change the communication party selecting
method for selecting wireless base stations serving as
communication parties among a plurality of wireless base
stations serving as communication party candidates. An
example of the communication party selecting method
of the present embodiment is to change handover pa-
rameters for controlling handover among a plurality of
wireless base stations serving as communication party
candidates. Another example of the communication party
selecting method of the present embodiment is to change
the number of wireless base stations conducting concur-
rent communications among a plurality of wireless base
stations serving as communication party candidates.
[0037] The communication controller 123 changes the
communication party selecting method to a predeter-
mined sky communication party selecting method upon
satisfying an ascending determination condition for de-
termining that the flying vehicle 1 ascends up into the sky
from the ground. The sky communication party selecting
method is a communication party selecting method ap-
plicable to the flying vehicle 1 (or the wireless communi-
cation device 100) existing in the sky. The communica-
tion controller 123 changes the communication party se-
lecting method to a predetermined ground communica-
tion party selecting method upon satisfying a descending
determination condition for determining that the flying ve-
hicle 1 descends down to the ground from the sky. The
ground communication party selecting method is a com-
munication party selecting method applicable to the flying
vehicle 1 (or the wireless communication device 100) lo-
cated on the ground. The details of a communication con-
trol method implemented by the communication control-
ler 123 to change its communication party selecting
method will be described later.
[0038] The horizontal-direction position information
acquisition part 124 acquires the horizontal-direction po-
sition information representing the position of the flying
vehicle 1 in a horizontal direction. As an example of the
present embodiment, the horizontal-direction position in-
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formation acquisition part 124 acquires a positioning val-
ue produced by the positioning part 104 of the wireless
communication device 100 installed in the flying vehicle
1. The positioning part 104 of the wireless communication
device 100 installed in the flying vehicle 1 produces a
positioning value, i.e. the horizontal-direction position in-
formation representing the position of the flying vehicle
1 in a horizontal direction.
[0039] In this connection, the horizontal-direction po-
sition information acquisition part 124 may use the flight
positioning part 30 of the flying vehicle 1. In this case,
the wireless communication device 100 acquires a hor-
izontal-direction position (i.e. a longitude and a latitude)
indicated by the flight positioning part 30 by means of the
flight control unit 10. When the horizontal-direction posi-
tion information acquisition part 124 uses the flight posi-
tioning part 30 of the flying vehicle 1, the wireless com-
munication device 100 may include the positioning part
104, or the wireless communication device 100 need not
to include the positioning part 104.
[0040] The flying-vehicle moving direction determina-
tion part 125 determines whether the moving direction of
the flying vehicle 1 is either a vertical direction or a hor-
izontal direction. For example, the flying-vehicle moving
direction determination part 125 acquires a positioning
value produced by the flight positioning part 30 of the
flying vehicle 1 (i.e. "a horizontal-direction position (i.e.
a longitude and a latitude)" and "a vertical-direction po-
sition (i.e. an altitude)" by means of the flight control unit
10, thus determining whether the moving direction of the
flying vehicle 1 is either a vertical direction or a horizontal
direction based on the positioning value. In this connec-
tion, the wireless communication device 100 may be
equipped with an acceleration sensor and a gyro-sensor,
and therefore the flying-vehicle moving direction deter-
mination part 125 may determine whether the moving
direction of the flying vehicle 1 is either a vertical direction
or a horizontal direction based on the detection results
of those sensors.
[0041] The authentication request part 126 acquires
the authentication information of the flying vehicle 1 from
the authentication information storage 12 of the flight con-
trol unit 10 installed in the flying vehicle 1, and then the
authentication request part 126 sends an authentication
request of the flying vehicle 1 by transmitting the authen-
tication information to an authentication server config-
ured to authenticate the flying vehicle 1. The authentica-
tion request part 126 receives from the authentication
server its response (i.e. authentication passed or failed)
to the authentication request of the flying vehicle 1.
[0042] The data storage 140 is configured to store the
handover parameter candidate data 141, the parameter
change region information 142, and the neighboring cell
list 143.
[0043] The handover parameter candidate data 141
will be described with reference to Fig. 5. Fig. 5 is a table
describing a configuration example of the handover pa-
rameter candidate data 141. In Fig. 5, the handover pa-

rameter candidate data 141 includes a plurality of hando-
ver (HO) parameter sets (i.e. three sets in Fig. 5). The
HO parameter sets are combinations of handover pa-
rameters used to control handover among a plurality of
wireless base stations serving as communication party
candidates. In this connection, Fig. 5 exemplifies combi-
nations of handover parameters included in HO param-
eter sets; hence, it is possible to arbitrarily set combina-
tions of handover parameters included in HO parameter
sets according to wireless communication systems.
[0044] The HO parameter sets include HO parameter
set applied conditions. Herein, HO parameter set applied
conditions are conditions to apply HO parameter sets.
For example, HO parameter set 1 includes a HO param-
eter set applied condition of "HO candidate cell count <
5" indicating that the wireless communication device 100
applies HO parameter set 1 when the HO candidate cell
count is less than five.
[0045] The parameter change region information 142
will be described with reference to Fig. 6. Fig. 6 is a table
describing a configuration example of the parameter
change region information 142 according to the present
embodiment. In Fig. 6, the parameter change region in-
formation 142 includes cell IDs (i.e. parameter change
region cell IDs) representing cells of regions to be
changed in handover parameters.
[0046] The neighboring cell list 143 will be described
with reference to Fig. 7. Fig. 7 is a table describing a
configuration example of the neighboring cell list 143 ac-
cording to the present embodiment. A wireless base sta-
tion wirelessly connected to the wireless communication
part 103 provides the neighboring cell list 143 to the wire-
less communication device 100. The wireless communi-
cation device 100 receives from a wireless base station
wirelessly connected to the wireless communication part
103 the neighboring cell list 143, which is stored on the
data storage 140. In Fig. 7, the neighboring cell list 143
describes cell IDs (or connecting cell IDs) of wireless
base stations serving as sources of providing the neigh-
boring cell list 143. The neighboring cell list 143 describes
cell IDs (or neighboring cell IDs) of cells neighboring cells
having connecting cell IDs as well as the used frequency
information representing radio frequencies used by cells
having neighboring cell IDs in connection with neighbor-
ing cell IDs.
[0047] It is possible for wireless base stations to pro-
vide the wireless communication device 100 with a plu-
rality of neighboring cell lists 143 according to altitudes.
For example, a wireless base station may provide the
wireless communication device 100 with the neighboring
cell list 143 for the ground and the neighboring cell list
143 for the sky. This is because neighboring cells neigh-
boring a cell of the same wireless base station may be
changed with respect to the ground and the sky. The
wireless base station provides the wireless communica-
tion device 100 located on the ground with the neighbor-
ing cell list 143 for the ground, which describes connect-
ing cell IDs of cells neighboring the cell of the wireless
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base station. The wireless base station provides the wire-
less communication device 100 existing in the sky the
neighboring cell list 143 for the sky, which describes con-
necting cell IDs of cells neighboring the cell of the wireless
base station. The wireless communication device 100
uses the neighboring cell list 143 for the ground upon
determining its location on the ground or the neighboring
cell list 143 for the sky upon determining its location in
the sky.
[0048] Accordingly, it is possible to improve the accu-
racy of selecting communication parties with the wireless
communication device 100.
[0049] To transmit the neighboring cell list 143 for the
sky to the flying vehicle 1, the wireless base station may
determine whether or not the wireless communication
device 100 is installed in the flying vehicle 1 according
to the identification information of the wireless commu-
nication device 100. For example, the wireless base sta-
tion may solely transmit the neighboring cell list 143 for
the ground to the wireless communication device 100 not
installed in the flying vehicle 1, or the wireless base sta-
tion may transmit both the neighboring cell lists 143 for
the ground and for the sky to the wireless communication
device 100 installed in the flying vehicle 1. For example,
the identification information of the wireless communica-
tion device 100 is unique information of a SIM (Subscriber
Identity Module) card mounted on the wireless commu-
nication device 100.
[0050] Without discriminating the status of the wireless
communication device 100, the wireless base station
may transmit both the neighboring cell lists 143 for the
ground and for the sky when the wireless communication
device 100 is connected to a certain cell having a prede-
termined cell ID. For example, the predetermined cell ID
is a cell ID representing a cell having coverage encom-
passing the flight route of a specific flying vehicle 1.
[0051] Next, Examples 1, 2, 3 of communication con-
trol methods according to the present embodiment will
be described with reference to Figs. 8, 9, 10.

(Example 1 of communication control method)

[0052] Next, Example 1 of the communication control
method according to the present embodiment will be de-
scribed with reference to Fig. 8. Fig. 8 is a flowchart show-
ing Example 1 of the communication control method ac-
cording to the present embodiment. According to Exam-
ple 1 of the communication control method, the commu-
nication controller 123 changes the communication party
selecting method to select a wireless base station serving
as a communication party from among a plurality of wire-
less base stations serving as communication party can-
didates when an increment or a decrement in a unit-time
cell count, corresponding to the counting result of the cell
counter 122 in a predetermined time, is equal to or above
a predetermined threshold.
[0053] The communication control process of Fig. 8 is
started in synchronism with a start timing of the flying

vehicle 1 to start flying by itself. When the flight control
unit 10 inputs a flight start signal, indicating the flying
vehicle 1 to start flying, to the wireless communication
device 100, for example, the wireless communication de-
vice 100 start the communication control process of Fig.
8. Alternatively, it is possible to start the communication
control process of Fig. 8 when an external device outside
the flying vehicle 1 instructs the wireless communication
device 10 to start the communication control process of
Fig. 8 by communication.
[0054] (Step S11) The communication controller 123
starts a measurement-period timer T1. The measure-
ment-period timer T1 is a timer to check the predeter-
mined time (or a measurement time) for measuring an
increment or a decrement of a unit-time cell count corre-
sponding to the counting result of the cell counter 122.
A timer period is set to the measurement-period timer T1
in advance. It is possible for an operator to arbitrarily set
the timer period of the measurement-period timer T1. For
example, an operator may determine the timer period of
the measurement-period timer T1 according to the as-
cending speed and the descending speed which are
scheduled to the flying vehicle 1. As an example of a
method to determine the timer period of the measure-
ment-period timer T1, it is possible to reduce the timer
period of the measurement-period timer T1 as the as-
cending speed and the descending speed scheduled to
the flying vehicle 1 become higher.
[0055] (Step S12) The communication controller 123
starts a unit-time timer T2 by resetting the cell counter
122. Due to resetting the cell counter 122, it is possible
to reset a cell count value SUM of the cell counter 122
to zero. The unit-time timer T2 is a timer to check the unit
time for measuring the unit-time cell count corresponding
to the counting result of the cell counter 122. A timer
period is set to the unit-time timer T2 in advance. It is
possible for an operator to arbitrarily set the timer period
of the unit-time timer T2. In this connection, the timer
period of the unit-time timer T2 is shorter than the timer
period of the measurement-period timer T1.
[0056] (Step S13) The wireless communication part
103 receives a wireless signal transmitted thereto from
a wireless base station.
[0057] (Step S14) The cell counter 122 determines
whether or not a cell (or an added cell) is added to the
cells of the wireless base stations identified by wireless
signals received by the wireless communication part 103.
This cell identifying method is set in advance. For exam-
ple, an operator may set any one of Examples 1, 2, 3 of
cell identifying methods to the wireless communication
device 100 according to the communication system of a
wireless base station existing around the flying place of
the flying vehicle 1. If an added cell is found, the flow
proceeds to step S15. If not, the flow proceeds to step
S16.
[0058] (Step S15) The cell counter 122 adds the
number of added cells (or an added cell count) to the cell
count value SUM.
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[0059] (Step S16) The communication controller 123
determines expiration of the unit-time timer T2. Due to
the expiration of the unit-time timer T2, the flow proceeds
to step S17. Otherwise, the flow proceeds to step S18.
[0060] (Step S17) The communication controller 123
records the cell count value SUM as a unit-time cell count
at the measurement time in connection with the current
time (i.e. the measurement time).
[0061] (Step S18) The communication controller 123
determines expiration of the measurement-period timer
T1. Due to the expiration of the measurement-period tim-
er T1, the flow proceeds to step S19. Unless the expira-
tion of the measurement-period timer T1, the flow returns
to step S12 to measure the next unit-time cell count.
[0062] (Step S19) Based on the recording of the unit-
time cell count, the communication controller 123 calcu-
lates an increment or a decrement of the unit-time cell
count in the current measurement period (or the timer
period of the measurement-period timer T1). As a result,
the communication controller 123 calculates an incre-
ment of the unit-time cell count due to an increase of the
unit-time cell count in the current measurement period
while the communication controller 123 calculates a dec-
rement of the unit-time cell count due to a decrease of
the unit-time cell count in the current measurement pe-
riod.
[0063] (Step S20) The communication controller 123
determines whether or not an increment or a decrement
of the unit-time cell count according to the calculation
result is equal to or above a predetermined threshold.
The predetermined threshold is set in advance. It is pos-
sible for an operator to arbitrarily set the threshold. For
example, an operator may determine the threshold ac-
cording to the ascending speed and the descending
speed scheduled to the flying vehicle 1. As an example
of the threshold determination method, it is possible to
reduce the threshold as the ascending speed and the
descending speed scheduled to the flying vehicle 1 be-
comes higher. The flow proceeds to step S21 when the
determination result of step S20 indicates that an incre-
ment or a decrement of the unit-time cell count is equal
to or above the threshold. Otherwise, the flow proceeds
to step S22.
[0064] (Step S21) The communication controller 123
changes the communication party selecting method. The
following descriptions show examples of methods how
to change the communication party selecting method.

(Example 1 of method to change communication party 
selecting method)

[0065] The communication controller 123 changes the
communication party selecting method to a predeter-
mined sky communication party selecting method when
an increment of the unit-time cell count is equal to or
above a predetermined ascending determination thresh-
old (or an increment of the unit-time cell count satisfies
an ascending determination condition). As an example

of the method how to determine the ascending determi-
nation threshold, it is possible to determine a larger value
than an increment of the unit-time cell count at the flying
place of the flying vehicle 1 on the ground. When an in-
crement of the unit-time cell count satisfies the ascending
determination condition, it is possible to determine that
the flying vehicle 1 will ascend up to the sky from the
ground. Accordingly, the communication controller 123
changes the communication party selecting method to
the sky communication party selecting method suitable
to the flying vehicle 1 (or the wireless communication
device 100) existing in the sky.
[0066] In this connection, other examples of ascending
determination conditions will be described below.

(Other Example 1 of ascending determination condition)

[0067] This example stipulates that the same unit-time
cell count is maintained in a predetermined period.

(Other Example 2 of ascending determination condition)

[0068] This example stipulates that a decrease in radio
intensity in a cell of a connected base station is detected
irrespective of an increase in radio intensity in a cell (or
a neighboring cell) neighboring a cell of a wireless base
station (or the connected base station) connected to the
wireless communication device 100.

(Other Example 3 of ascending determination condition)

[0069] This example stipulates that an increment or an
absolute value of the unit-time cell count precluding
neighboring cells is equal to or above a predetermined
threshold.

(Other Example 4 of ascending determination condition)

[0070] It is possible to set the threshold used for the
ascending determination condition according to the flying
region of the flying vehicle 1. The threshold used for the
ascending determination condition may vary depending
on the flying region of the flying vehicle 1.

(Example 2 of method to change communication party 
selecting method)

[0071] The communication controller 123 changes the
communication party selecting method to a predeter-
mined ground communication party selecting method
when a decrement of the unit-time cell count is equal to
or above a predetermined descending determination
threshold (or a decrement of the unit-time cell count sat-
isfies a descending determination condition). As an ex-
ample of a method to determine the descending deter-
mination threshold, it is possible to determine a larger
value than a decrement of the unit-time cell count in the
flying place of the flying vehicle 1 on the ground. When
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a decrement of the unit-time cell count satisfies the de-
scending determination condition, it is possible to deter-
mine that the flying vehicle 1 will descend down to the
ground from the sky. Accordingly, the communication
controller 123 changes the communication party select-
ing method to the ground communication party selecting
method suitable to the flying vehicle 1 (or the wireless
communication device 100) existing on the ground.
[0072] In this connection, other examples of descend-
ing determination conditions will be described below.

(Other Example 1 of descending determination condi-
tion)

[0073] This example stipulates that the same unit-time
cell count is maintained in a predetermined period.

(Other Example 2 of descending determination condi-
tion)

[0074] This example stipulates that an increase in radio
intensity in a cell of a connected base station is detected
irrespective of a decrease in radio intensity in a neigh-
boring cell.

(Other Example 3 of descending determination condi-
tion)

[0075] This example stipulates that a decrement or an
absolute value of the unit-time cell count precluding
neighboring cells is equal to or above a predetermined
threshold.

(Other Example 4 of descending determination condi-
tion)

[0076] It is possible to set the threshold used for the
descending determination condition according to the fly-
ing region of the flying vehicle 1. The threshold used for
the descending determination condition may vary de-
pending on the flying region of the flying vehicle 1.
[0077] (Step S22) The wireless communication device
100 determines whether to exit the communication con-
trol process. For example, the wireless communication
device 100 exits the communication control process of
Fig. 8 when the flight control unit 10 inputs a flight end
signal, indicating an end of flight of the flying vehicle 1,
to the wireless communication device 100. Alternatively,
it is possible for the wireless communication device 100
to exit the communication control process of Fig. 8 when
an external device outside the flying vehicle 1 instructs
the wireless communication device 100 to exit the com-
munication control process of Fig. 8 by communication.
Upon determining exit of the communication control proc-
ess, it is possible to exit the communication control proc-
ess of Fig. 8. Unless the exit of the communication control
process, the flow returns to step S11 to start the next
measurement period.

(Example 2 of communication control method)

[0078] Next, Example 2 of the communication control
method according to the present embodiment will be de-
scribed with reference to Fig. 9. Fig. 9 is a flowchart show-
ing Example 2 of the communication control method ac-
cording to the present embodiment. According to Exam-
ple 2 of the communication control method, the commu-
nication controller 123 changes the communication party
selecting method to select a wireless base station serving
as a communication party from among a plurality of wire-
less base stations serving as communication party can-
didates due to the existence of an unlisted cell not listed
on the neighboring cell list 143 among cells of wireless
base stations identified by wireless signals received by
the wireless communication part 103.
[0079] The communication control process of Fig. 9 is
started in synchronism with the start timing of the flying
vehicle 1 to start flying. For example, the wireless com-
munication device 100 may start the communication con-
trol process of Fig. 9 when the flight control unit 10 inputs
a flight start signal, indicating the flying vehicle 1 to start
flying, to the wireless communication device 100. Alter-
natively, it is possible for the wireless communication de-
vice 100 to start the communication control process of
Fig. 9 when an external device outside the flying vehicle
1 instructs the wireless communication device 10 to start
the communication control process of Fig. 9 by commu-
nication.
[0080] (Step S31) The wireless communication part
103 receives a wireless signal transmitted thereto from
a wireless base station.
[0081] (Step S32) The communication controller 123
refers to the neighboring cell list 143. The neighboring
cell list 143 referred here (or the reference neighboring
cell list 143) is identical to the neighboring cell list 143
describing the same IDs of the connected cells as the
cell IDs of the wireless base stations wirelessly connect-
ed to the wireless communication part 103.
[0082] (Step S33) The communication controller 123
determines whether or not an unlisted cell (or a non-
neighboring cell) not listed on the reference neighboring
cell list 143 is found among the cells of the wireless base
stations identified by wireless signals received by the
wireless communication part 103. The flow proceeds to
step S34 when the determination result indicates the ex-
istence of a non-neighboring cell. Otherwise, the flow pro-
ceeds to step S35.
[0083] In this connection, it is possible to selectively
check a non-neighboring cell having a lower radio inten-
sity than a predetermined radio intensity among non-
neighboring cells within the cells used for determining
the existence/nonexistence of non-neighboring cells.
[0084] As a condition to determine the existence of
non-neighboring cells (or a non-neighboring cell deter-
mination condition), it is possible to adopt various exam-
ples of non-neighboring cell determination conditions as
follows.

19 20 



EP 3 618 501 A1

12

5

10

15

20

25

30

35

40

45

50

55

(Example 1 of non-neighboring cell determination condi-
tion)

[0085] This example stipulates that a non-neighboring
cell continuously exists in a predetermined period.

(Example 2 of non-neighboring cell determination condi-
tion)

[0086] This example stipulates that the number of non-
neighboring cells is equal to or above a predetermined
threshold.

(Example 3 of non-neighboring cell determination condi-
tion)

[0087] This example determines the nonexistence of
a non-neighboring cell only when the non-neighboring
cell does not exist continuously in a predetermined peri-
od, otherwise, this example determines the existence of
a non-neighboring cell.
[0088] It is possible to independently adopt Example
1 or Example 2 with respect to the non-neighboring cell
determination condition, or it is possible to adopt combi-
nations of Examples 1 and 2. In addition, a wireless base
station connected to the wireless communication device
100 may provide the wireless communication device 100
with information indicating which non-neighboring cell
determination condition is applied to the wireless com-
munication device 100.
[0089] (Step S34) The communication controller 123
changes the communication party selecting method to a
predetermined sky communication party selecting meth-
od. This is because due to good visibility in the sky rather
than on the ground, it is assumed that the flying vehicle
1 flying in the sky may be highly likely to receive a wireless
signal of a non-neighboring cell, which is not listed on
the reference neighboring cell list 143, coming from a
remote place.
[0090] (Step S35) The wireless communication device
100 determines whether to exit the communication con-
trol process. For example, the wireless communication
device 100 exits the communication control process of
Fig. 9 when the flight control unit 10 inputs a flight end
signal, indicating an end of flight of the flying vehicle 1,
to the wireless communication device 100. Alternatively,
it is possible for the wireless communication device 100
to exit the communication control process of Fig. 9 when
an external device outside the flying vehicle 1 instructs
the wireless communication device 100 to exit the com-
munication control process of Fig. 9 by communication.
Upon determining the exit of the communication control
process, it is possible to exit the communication control
process of Fig. 9. Unless determining the exit of the com-
munication control process, the flow returns to step S31
to continue the communication control process of Fig. 9.
[0091] The wireless communication device according
to Example 2 of the communication control method can

be defined as a wireless communication device installed
in a flying vehicle, which includes a wireless communi-
cation part configured to receive a wireless signal trans-
mitted from a wireless base station, a neighboring cell
list storage configured to store a neighboring cell list re-
ceived from the wireless base station wirelessly connect-
ed to the wireless communication part, and a communi-
cation controller configured to change a communication
party selecting method to select the wireless base station
serving as a communication party from among a plurality
of wireless base stations serving as communication party
candidates upon checking the existence of an unlisted
cell not listed on the neighboring cell list among cells of
wireless base stations identified by wireless signals re-
ceived by the wireless communication part.
[0092] The communication control method according
to Example 2 of the communication control method can
be defined as a communication control method of a wire-
less communication device installed in a flying vehicle,
which includes a wireless receiving step of the wireless
communication device to receive a wireless signal trans-
mitted from a wireless base station, a neighboring cell
list storing step of the wireless communication device to
store a neighboring cell list received from the wireless
base station wirelessly connected thereto on a neighbor-
ing cell list storage, and a communication control step of
the wireless communication device to change a commu-
nication party selecting method to select the wireless
base station serving as a communication party from
among a plurality of wireless base stations serving as
communication party candidates upon checking the ex-
istence of an unlisted cell not listed on the neighboring
cell list among cells of wireless base stations identified
by wireless signals received in the wireless receiving
step.
[0093] A computer program according to Example 2 of
the communication control method can be defined as a
computer program causing a computer of a wireless com-
munication device installed in a flying vehicle, which in-
cludes a wireless communication part configured to re-
ceive a wireless signal transmitted from a wireless base
station, to implement a neighboring cell list storing func-
tion of storing a neighboring cell list received from the
wireless base station wirelessly connected to the wire-
less communication part, and a communication control
function of changing a communication party selecting
method to select the wireless base station serving as a
communication party from among a plurality of wireless
base stations serving as communication party candi-
dates upon checking the existence of an unlisted cell not
listed on the neighboring cell list among cells of wireless
base stations identified by wireless signals received by
the wireless communication part.

(Example 3 of communication control method)

[0094] Next, Example 3 of the communication control
method according to the present embodiment will be de-
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scribed with reference to Fig. 10. Fig. 10 is a flowchart
showing Example 3 of the communication control method
according to the present embodiment. According to Ex-
ample 3 of the communication control method, the com-
munication controller 123 changes the communication
party selecting method to select a wireless base station
serving as a communication party from among a plurality
of wireless base stations serving as communication party
candidates when a radio quality indicator corresponding
to the measurement result of the wireless measurement
part 121 satisfies a predetermined sky indicator condi-
tion.
[0095] The communication control process of Fig. 10
is started in synchronism with the start timing of the flying
vehicle 1 to start flying. For example, the wireless com-
munication device 100 starts the communication control
process of Fig. 10 when the flight control unit 10 inputs
a flying start signal, indicating the flying vehicle 1 to start
flying, to the wireless communication device 100. Alter-
natively, it is possible to start the communication control
process of Fig. 10 when an external device outside the
flying vehicle 1 instructs the wireless communication de-
vice 100 to start the communication control process of
Fig. 10 by communication.
[0096] (Step S41) The wireless communication part
103 receives a wireless signal transmitted thereto from
a wireless base station.
[0097] (Step S42) Based on a wireless signal received
by the wireless communication part 103, the wireless
measurement part 121 measures a radio quality indicator
of a cell of a wireless base station (or a connected base
station) connected to the wireless communication device
100. For example, it is possible to measure a radio quality
indicator, e.g. one of a RSSI, RSRP, and a SINR or a
combination of multiple indicators among them.
[0098] (Step S43) The communication controller 123
determines whether or not the radio quality indicator, cor-
responding to the measurement result of the wireless
measurement part 121, satisfies a predetermined sky in-
dicator condition. The sky indicator condition is a condi-
tion to determine the existence of the flying vehicle 1 (or
the wireless communication device 100) in the sky. Here-
inafter, examples of sky indicator conditions will be de-
scribed below.

(Example 1 of sky indicator condition)

[0099] In the case of a radio quality indicator repre-
sentative of a RSSI, the sky indicator condition indicates
whether a measured RSSI value is equal to or above a
sky determination RSSI threshold. As an example of a
determination method to determine a sky determination
RSSI threshold, it is possible to determine a larger value
than the measured RSSI value at the flying place of the
flying vehicle 1 on the ground. This is because it is as-
sumed that a RSSI will be increased in the sky rather
than on the ground due to good visibility in the sky rather
than on the ground.

(Example 2 of sky indicator condition)

[0100] In the case of a radio quality indicator repre-
sentative of a RSRP, the sky indicator condition indicates
whether a measured RSRP value is equal to or above a
sky determination RSRP threshold. As an example of a
determination method to determine a sky determination
RSRP threshold, it is possible to determine a larger value
than the measured RSRP value at the flying place of the
flying vehicle 1 on the ground. This is because it is as-
sumed that a RSRP will be increased in the sky rather
than on the ground due to good visibility in the sky rather
than on the ground.

(Example 3 of sky indicator condition)

[0101] In the case of a radio quality indicator repre-
sentative of a SINR, the sky indicator condition indicates
whether a measured SINR value is less than a sky de-
termination SINR threshold. As an example of a deter-
mination method to determine a sky determination SINR
threshold, it is possible to determine a smaller value than
the measured SINR value at the flying place of the flying
vehicle 1 on the ground. This is because it is assumed
that a SINR will be deteriorated in the sky rather than on
the round since an interference wave will be increased
further than a desired wave in the sky rather than on the
ground although both a desired wave and an interference
wave may be increased in reception power due to good
visibility in the sky rather than on the ground.
[0102] To use a combination of multiple indicators
among a RSSI, a RSRP, and a SINR as a radio quality
indicator, it is possible to use a combination of sky indi-
cator conditions corresponding to multiple indicators. In
this case, it is possible to make a decision of "YES" in
step S43 as to "sky indicator condition satisfied?" when
all the radio quality indicators satisfy their sky indicator
conditions, or it is possible to make a decision of "YES"
in step S43 as to "sky indicator condition satisfied?" when
at least one radio quality indicator satisfies its sky indi-
cator condition. For example, it is possible to make a
decision of "YES" in step S43 as to "sky indicator condi-
tion satisfied?" according to wireless environments at the
flying place of the flying vehicle 1.
[0103] The communication controller 123 may deter-
mine that the flying vehicle 1 exists in the sky when a
tendency of variations of a measured RSSI value or a
measured RSRP value, or a tendency of variations of
both the measured RSSI value and the measured RSRP
value, is different from a tendency of variations of a meas-
ured SINR value. For example, the communication con-
troller 123 may determine that the flying vehicle 1 exists
in the sky due to an increasing tendency in variations of
a measured RSSI value or a measured RSRP value, or
variations of both the measured RSSI value and the
RSRP value, irrespective of a decreasing tendency in
variations of a measured SINR value.
[0104] In addition, it is possible for the communication
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controller 123 to use other sky indicator conditions based
on the position or the moving direction of the flying vehicle
1. Other examples of sky indicator conditions will be de-
scribed below.

(Example 4 of sky indicator condition)

[0105] When the flying vehicle 1 is not moving in a hor-
izontal direction, the communication controller 123 de-
termines that the flying vehicle 1 exists in the sky due to
an increase of a measured RSSI value or a measured
RSRP value or an increase of both the measured RSSI
value and the measured RSRP value.

(Example 5 of sky indicator condition)

[0106] The communication controller 123 determines
that the flying vehicle 1 exists in the sky when a measured
RSSI value or a measured RSRP value is equal to or
above a predetermined threshold or when both the meas-
ured RSSI value and the measure RSRP value are equal
to or above the predetermined threshold.
[0107] The flow proceeds to step S44 when the deter-
mination result of step S43 indicates that a radio quality
indicator satisfies a sky indicator condition. Otherwise,
the flow proceeds to step S45.
[0108] (Step S44) The communication controller 123
changes the communication party selecting method to
the predetermined sky communication party selecting
method.
[0109] (Step S45) The wireless communication device
100 determines whether to exit the communication con-
trol process. For example, the wireless communication
device 100 exits the communication control process of
Fig. 10 when the flight control unit 10 inputs a flight end
signal, indicating an end of flight of the flying vehicle 1,
to the wireless communication device 100. Alternatively,
it is possible for the wireless communication device 100
to exit the communication control process of Fig. 10 when
an external device outside the flying vehicle 1 instructs
the wireless communication device 10 to exit the com-
munication control process of Fig. 10 by communication.
Upon determining the exit of the communication control
process, it is possible to determine the communication
control process of Fig. 10. Unless the exit of the commu-
nication control process, the flow returns to step S41 to
continue the communication control process of Fig. 10.
[0110] A wireless communication device according to
Example 3 of the communication control method can be
defined as a wireless communication device installed in
a flying vehicle, which includes a wireless communication
part configured to receive a wireless signal transmitted
from a wireless base station, a wireless measurement
part configured to measure a radio quality indicator based
on the wireless signal received by the wireless commu-
nication part, and a communication controller configured
to change a communication party selecting method to
select the wireless base station serving as a communi-

cation party from among a plurality of wireless base sta-
tions serving as communication party candidates when
the radio quality indicator measured by the wireless
measurement part satisfies a predetermined sky indica-
tor condition.
[0111] A communication control method according to
Example 3 of the wireless control method can be defined
as a communication control method of a wireless com-
munication device installed in a flying vehicle, which in-
cludes a wireless reception step to receive a wireless
signal transmitted from a wireless base station, a wireless
measurement step to measure a radio quality indicator
based on the wireless signal received in the wireless re-
ception step, and a communication control step to
change a communication party selecting method to se-
lect the wireless base station serving as a communication
party from among a plurality of wireless base stations
serving as communication party candidates when the ra-
dio quality indicator satisfies a predetermined sky indi-
cator condition.
[0112] A computer program according to Example 3 of
the communication control method can be defined as a
computer program causing a computer of a wireless com-
munication device, which is installed in a flying vehicle
and includes a wireless communication part configured
to receive a wireless signal transmitted from a wireless
base station, to implement a wireless measurement func-
tion of measuring a radio quality indicator based on the
wireless signal received by the wireless communication
part, and a communication control function of changing
a communication party selecting method to select the
wireless base station serving as a communication party
from among a plurality of wireless base stations serving
as communication party candidates when the radio qual-
ity indicator satisfies a predetermined sky indicator con-
dition.
[0113] Next, examples of communication party select-
ing methods according to the present embodiment will
be described below.

(Example 1 of communication party selecting method)

[0114] Example 1 of the communication party selecting
method is realized by changing handover parameters
used to control handover among a plurality of wireless
base stations serving as communication party candi-
dates. A situation allowing for an increasing number of
wireless base stations serving as handover destination
candidates having the same level of reception quality
may occur in the sky rather than on the ground.
[0115] This may result in the occurrence of handover
failures such as a failed handover and a frequently re-
peated handover, which may destabilize communication
with the wireless communication device 100 existing in
the sky. According to Example 1 of the communication
party selecting method, it is possible to suppress the oc-
currence of handover failures by changing handover pa-
rameters, thus preventing destabilization of communica-
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tion with the wireless communication device 100 existing
in the sky. The following descriptions refer to examples
of changing methods to change handover parameters.

(Example 1 of changing method to change handover pa-
rameters)

[0116] This example increases a trigger time (TTT:
Time TO Trigger) in the sky (i.e. the sky communication
party selecting method) to be longer than a trigger time
on the ground (i.e. the ground communication party se-
lecting method). Herein, TTT is a protection time meas-
ured between the timing of the wireless communication
device 100 to establish a transmission condition of mak-
ing a measurement report, which may trigger handover,
and the timing of the wireless communication device 100
to transmit the measurement report. As TTT becomes
longer, it is possible to obtain an effect of suppressing
handover from being frequently repeated. As an example
of a determination method to determine a TTT value in
the sky, it is possible to determine a larger value than a
TTT value at the flying place of the flying vehicle 1 on the
ground.

(Example 2 of changing method to change handover pa-
rameters)

[0117] This example inhibits handover in the sky (i.e.
the sky communication party selecting method). For ex-
ample, a TTT value is set to infinite. This may prevent
the occurrence of handover. In this connection, it is pos-
sible to limit a time to inhibit handover (i.e. a handover
inhibit time) to a certain time. The handover inhibit time
is set in advance.
[0118] The communication controller 123 may acquire
candidates of handover parameters from wireless base
stations accessible by the flying vehicle 1 in its flying
place. A wireless base station covering the flying place
may hold candidates of handover parameters suitable to
the ground and candidates of handover parameters suit-
able to the sky. For example, it is possible to hold the
handover parameter candidate data 141 shown in Fig.
5. The communication controller 123 may acquire hando-
ver parameter candidates (e.g. the handover parameter
candidate data 141) from a wireless base station acces-
sible by the flying vehicle 1 in its flying place so as to
suppress the occurrence of handover failures using
handover parameter candidates. Similar to handover pa-
rameter candidates, the communication controller 123
may acquire information representing the handover in-
hibit time from a wireless base station accessible by the
flying vehicle 1 in its flying place.
[0119] In this connection, the handover inhibit time
would be variable according to the moving speed of the
flying vehicle 1. For example, it is possible to reduce the
handover inhibit time to be shorter as the moving speed
of the flying vehicle 1 becomes higher in a horizontal
direction. This is because wireless communication envi-

ronments may be changed in a short time as the moving
speed of the flying vehicle 1 becomes higher in a hori-
zontal direction, and therefore it is possible to adapt to
variations of wireless communication environments by
reducing the handover inhibit time.
[0120] Alternatively, it is possible for the wireless com-
munication device 100 to provide a plurality of handover
parameter candidates, thus changing the actually used
handover parameter candidates according to the moving
speed of the flying vehicle 1.

(Example 2 of communication party selecting method)

[0121] The Example 2 of the communication party se-
lecting method changes the number of wireless base sta-
tions conducting concurrent communications (or a con-
currently communicating base station count) among a
plurality of wireless base stations serving as communi-
cation party candidates. A situation allowing for an in-
creasing number of wireless base stations having the
same level of reception quality may occur in the sky rather
than on the ground. For this reason, it is possible to carry
out multiple base station coordinated communications
by increasing the number of wireless base stations con-
figured to concurrently communicate with the wireless
communication device 100 existing in the sky rather than
on the ground, thus improve the communication speed
of the wireless communication device 100 and its com-
munication reliability. As an example of a determination
method to determine the concurrently communicating
base station count (or the sky communication party se-
lecting method) of the wireless communication device
100 existing in the sky, it is possible to determine a larger
value than the actually measured value of the concur-
rently communicating base station count (or the ground
communication party selecting method) of the flying ve-
hicle 1 in its flying place on the ground.
[0122] Next, variations of the present embodiment will
be described below.

(Variation 1 of present embodiment)

[0123] The authentication request part 126 acquires
the authentication information of the flying vehicle 1 from
the authentication information storage 12 of the flight con-
trol unit 10 installed in the flying vehicle 1, and therefore
the authentication request part 126 requests authentica-
tion of the flying vehicle 1 by transmitting the authentica-
tion information to a authentication server configured to
authenticate the flying vehicle 1. For example, the timing
to make an authentication request for the flying vehicle
1 is a timing to start flying the flying vehicle 1. For exam-
ple, the authentication request part 126 of the wireless
communication device 100 makes an authentication re-
quest for the flying vehicle 1 when the flight control unit
10 inputs a flight start signal, indicating the flying vehicle
1 to start flying, to the wireless communication device
100. Alternatively, it is possible for the authentication re-
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quest part 126 of the wireless communication device 100
to make an authentication request for the flying vehicle
1 when an external device outside the flying vehicle 1
instructs the wireless communication device 100 to re-
quest authentication of the flying vehicle 1 by communi-
cation. The authentication request part 126 receives from
the authentication server its response (e.g. an authenti-
cation passed or an authentication failed) to the authen-
tication request for the flying vehicle 1. The communica-
tion controller 123 changes the communication party se-
lecting method when the authentication request made by
the authentication part 126 result in successfully authen-
ticating the flying vehicle 1, but the communication con-
troller 123 does not change the communication party se-
lecting method when the authentication request results
in a failure of authenticating the flying vehicle 1. Accord-
ing to Variation 1 of the present embodiment, it is possible
for the wireless communication device 100 installed in
the flying vehicle 1 to reliably change the communication
party selecting method.
[0124] In this connection, the flying vehicle 1 may au-
thenticate the wireless communication device 100 using
the unique information of a SIM (Subscriber Identity Mod-
ule) card installed in the wireless communication device
100 such that only the wireless communication device
100 successfully passing authentication can change the
communication party selecting method. Alternatively, a
wireless base station connected to the wireless commu-
nication device 100 may authenticate the wireless com-
munication device 100 such that only the wireless com-
munication device 100 successfully passing authentica-
tion can change the communication party selecting meth-
od. For example, it is possible to encrypt information (e.g.
handover parameter candidates) necessary to change
the communication party selecting method and to provide
a decryption key to the wireless communication device
100 so that only the wireless communication device 100
successfully passing authentication can decrypt the en-
crypted information using the decryption key.

(Variation 2 of present embodiment)

[0125] The horizontal-direction position information
acquisition part 124 acquires the horizontal-direction po-
sition information representing the position of the flying
vehicle 1 in a horizontal direction. Based on the horizon-
tal-direction position information acquired by the horizon-
tal-direction position information acquisition part 124, the
communication controller 123 determines whether or not
the moving distance of the flying vehicle 1 falls within a
certain range of distance. As an example of a determi-
nation method, it is possible to determine that the moving
distance of the flying vehicle 1 falls within a certain range
of distances when a range of positions including the po-
sition of the horizontal-direction position information (i.e.
a longitude and a latitude) falls within a predetermined
range of positions, otherwise, it is possible to determine
that the moving distance of the flying vehicle 1 does not

fall within a certain range of distances. Upon determining
that the moving distance of the flying vehicle 1 falls within
a certain range of distances, the communication control-
ler 123 increases intervals of measuring the unit-time cell
count by a predetermined time (e.g. a measurement
standby time). As an example of a method to increase
intervals of measuring the unit-time cell count by the pre-
determined time, it is possible to modify the flowchart of
Fig. 8 according to Example 1 of the communication con-
trol method such that the unit-time timer T2 is started in
step S12 after holding the measurement standby time
after resetting the cell counter 122, and then the flow
proceeds to step S13. According to Variation 2 of the
present embodiment, it is possible to reduce a working
load of the wireless communication device 100 and its
power consumption by decreasing the frequency to
measure the unit-time cell count if no variations occur in
wireless communication environments since the flying
vehicle 1 is moving in a certain range of distances.

(Variation 3 of present embodiment)

[0126] The flying-vehicle moving direction determina-
tion part 125 determines whether the moving direction of
the flying vehicle 1 is either a vertical direction or a hor-
izontal direction. As an example of a determination meth-
od, the flying-vehicle moving direction determination part
125 uses the flight positioning part 30 of the flying vehicle
1. The wireless communication device 100 acquires a
positioning value of the flight positioning part 30 (e.g. "a
horizontal-direction position (i.e. a longitude and a lati-
tude) and "a vertical-direction position (i.e. an altitude))
by means of the flight control unit 10. Based on the po-
sitioning value of the flight positioning part 30, the flying-
vehicle moving direction determination part 125 calcu-
lates a horizontal-direction movement and a vertical-di-
rection movement in a predetermined time. The flying-
vehicle moving direction determination part 125 deter-
mines that the moving direction of the flying vehicle 1 is
a vertical direction when the calculation result indicates
that the vertical-direction movement is larger than the
horizontal-direction movement. On the other hand, the
flying-vehicle moving direction determination part 125
determines that the moving direction of the flying vehicle
1 is a horizontal direction when the calculation result in-
dicates that the horizontal-direction movement is larger
than the vertical-direction movement.
[0127] In this connection, the flight control unit 10 may
outputs a moving direction signal representing a moving
direction (either a vertical direction or a horizontal direc-
tion) such that the flying-vehicle moving direction deter-
mination part 125 can determine the moving direction
indicated by the moving direction signal (either a vertical
direction or a horizontal direction) as the moving direction
of the flying vehicle 1.
[0128] According to the sky communication party se-
lecting method, the communication controller 123 chang-
es the communication party selecting method from the
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sky communication party selecting method to a prede-
termined sky communication party selecting method for
horizontal movement when the flying-vehicle determina-
tion part 125 determines that the moving direction of the
flying vehicle 1 is a horizontal direction. The sky commu-
nication party selecting method for horizontal movement
is a communication party selecting method suitable to
the flying vehicle 1 (or the wireless communication device
100) flying in the sky in a horizontal direction. This is
because it is preferable to use a communication party
selecting method (e.g. the sky communication party se-
lecting method for horizontal movement) suitable to the
current status of the flying vehicle 1 since wireless base
stations serving as transmission sources of wireless sig-
nals reaching the wireless communication device 100
may be sequentially changed from one wireless base
station to another wireless base station while the flying
vehicle 1 (or the wireless communication device 100) is
moving in a horizontal direction in the sky. The following
descriptions refer to examples of sky communication par-
ty selecting methods for horizontal movement.

(Example 1 of sky communication party selecting method 
for horizontal movement)

[0129] According to Example 1 of the sky communica-
tion party selecting method for horizontal movement, the
sky communication party selecting method would be
equivalent to the ground communication party selecting
method. As described above, wireless base stations
serving as transmission sources of wireless signals
reaching the wireless communication device 100 may be
sequentially changed from one wireless base station to
another wireless base station while the flying vehicle 1
(or the wireless communication device 100) is moving in
the sky in a horizontal direction. This situation can be
assumed to be similar to the situation of the flying vehicle
1 moving on the ground, and therefore it is possible to
use the ground communication party selecting method
as the sky communication party selecting method for hor-
izontal movement.

(Example 2 of sky communication party selecting method 
for horizontal movement)

[0130] According to Example 2 of the sky communica-
tion party selecting method for horizontal movement, the
sky communication party selecting method for horizontal
movement would be an intermediate method between
the ground communication party selecting method and
the sky communication party selecting method. For ex-
ample, a sky TTT for horizontal movement is set to an
intermediate value between a ground TTT and a sky TTT.
Alternatively, a sky concurrently communicating base
station count for horizontal movement can be set to an
intermediate value between a ground concurrently com-
municating base station count and a sky concurrently
communicating base station count.

(Variation 4 of present embodiment)

[0131] With reference to the parameter change region
information 142, the communication controller 123 de-
termines whether or not a cell (or a parameter-change-
region cell) having the same cell ID as a parameter-
change-region cell ID included in the parameter change
region information 142 is included in the cells of the wire-
less base stations identified by the wireless signals re-
ceived by the wireless communication part 103. The com-
munication controller 123 changes its communication
party selecting method when the determination result in-
dicates the existence of the parameter-change-region
cell, but the communication controller 123 does not
change its communication party selecting method when
the determination result indicates the nonexistence of
the parameter-change-region cell. According to Example
4 of the present embodiment, it is possible to specify the
region to change its communication party selecting meth-
od.

(Variation 5 of present embodiment)

[0132] The communication controller 123 acquires
from the flight control unit 10 the remaining charge infor-
mation representing the remaining charge of a battery
serving as a power source of the flying vehicle 1. The
power source 80 notifies the flight control unit 10 of the
remaining charge information. The communication con-
troller 123 relaxes the condition to change the commu-
nication party selecting method to the sky communication
selecting method when the remaining charge indicated
by the remaining charge information is less than a pre-
determined remaining charge threshold. Alternatively,
the communication controller 123 decreases an ascend-
ing determination threshold, serving as the condition to
change the communication party selecting method to the
sky communication party selecting method, to a prede-
termined value when the remaining charge of the remain-
ing charge information is less than the predetermined
remaining charge threshold. Accordingly, the flying ve-
hicle 1 (or the wireless communication device 100) may
use the sky communication party selecting method while
ascending up into the sky; hence, it is possible to prevent
overconsuming a battery charge by suppressing hando-
ver failures and frequent occurrence of handover using
the sky TTT.

(Variation 6 of present embodiment)

[0133] The communication controller 123 changes the
communication party selecting method to select a wire-
less base station serving as a communication party from
among a plurality of wireless base stations serving as
communication party candidates when the unit-time cell
count representing the counting result of the cell counter
122 is continuously increasing or decreasing in a prede-
termined time. The situation in which the unit-time cell
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count representing the counting result of the cell counter
122 is continuously increasing in a predetermined time
can be assumed as the situation in which the flying ve-
hicle 1 (or the wireless communication device 100) is
ascending upon into the sky. Due to an improvement of
visibility being gradually improved while the flying vehicle
1 (or the wireless communication device 100), the
number of wireless base stations serving as transmission
sources of wireless signals reaching the wireless com-
munication device 100 will be steadily increased until the
flying vehicle 1 reaches a certain altitude. As described
above, the communication controller 123 changes its
communication party selecting method to the sky com-
munication party selecting method when the unit-time
cell count representing the counting result of the cell
counter 122 is continuously increasing in a predeter-
mined time. In this connection, a range of distances
measured between the wireless communication device
100 and wireless base stations would be increased so
much when the flying vehicle 1 (or the wireless commu-
nication device 100) ascends up in the sky to be higher
than a certain altitude, and therefore the number of wire-
less base stations serving as transmission sources of
wireless signals reaching the wireless communication
device 100 will be steadily decreased.
[0134] The situation in which the unit-time cell count
representing the counting result of the cell counter 122
is continuously decreasing in a predetermined time would
be assumed as the situation in which the flying vehicle 1
(or the wireless communication device 100) is descend-
ing in altitude. The descending movement of the flying
vehicle 1 (or the wireless communication device 100)
may gradually deteriorate visibility, thus steadily de-
creasing the number of wireless base stations serving
as transmission sources of wireless signals reaching the
wireless communication device 100. Accordingly, the
communication controller 123 changes its communica-
tion party selecting method to the ground communication
party selecting method when the unit-time cell count rep-
resenting the counting result of the cell counter 122 is
continuously decreased in a predetermined time.
[0135] The above descriptions have explained varia-
tions of the present embodiment.
[0136] According to the present embodiment in which
the wireless communication device 100 existing in the
sky uses the sky communication party selecting method,
it is possible to improve stability of communication with
the wireless communication device 100 existing in the
sky. In addition, it is possible for the wireless communi-
cation device 100 existing on the ground to restore the
ground communication party selecting method. For this
reason, it is possible to provide the wireless communi-
cation device 100 with a stable communication in the sky
by way of a cellular network system, which is designed
to provide mobile communication services on the ground,
applied to the wireless communication device 100 in-
stalled in the flying vehicle 1. Accordingly, it is possible
to stabilize communication even when the flying vehicle

1 is remotely controlled using communication with the
wireless communication device 100, and therefore it is
possible to obtain an effect of improving reliability in re-
mote control of the flying vehicle 1.
[0137] In addition, the present embodiment is able to
determine an ascending movement or a descending
movement of the flying vehicle 1 without using measured
values of an altimeter. In other words, it is unnecessary
to convert handover parameter candidates according to
measured values of an altitude.
[0138] Heretofore, the prevent invention has been de-
scribed in detail by way of embodiments with reference
to the drawings, whereas concrete configurations are not
necessarily limited to the foregoing embodiments; hence,
the present invention may include any design changes
without departing from the subject matter of the invention.
[0139] For example, a flying vehicle installing the wire-
less communication device 100 of the present embodi-
ment may be an autopilot flying vehicle, a remotely-op-
erated flying vehicle, or a manned flying vehicle operated
by a human operator such as a pilot boarding a flying
vehicle.
[0140] It is possible to store computer programs
achieving the functions of the aforementioned devices
on computer-readable storage media so that computer
systems can load an execute computer programs stored
on storage media. Herein, the term "computer system"
may include an OS and hardware such as peripheral de-
vices.
[0141] In addition, the term "computer-readable stor-
age media" may refer to flexible disks, magneto-optical
disks, ROM, rewritable non-volatile memory such as
flash memory, portable media such as DVDs (Digital Ver-
satile Discs), and storage devices such as hard disks
embedded in computer systems.
[0142] Moreover, the term "computer-readable stor-
age media" may include any measures for temporarily
holding programs such as non-volatile memory (e.g. a
DRAM (Dynamic Random-Access Memory)) inside com-
puter systems serving as servers or clients to receive
programs transmitted thereto through networks like the
Internet and communication lines like telephone lines.
[0143] The aforementioned programs may be trans-
ferred from computer systems having storage devices
configured to store programs to other computer systems
through transmission media or by way of transmission
waves propagating through transmission media. Herein,
the term "transmission media" for transmitting programs
may refer to any media having functions to transmit in-
formation such as network (or communication networks)
like the Internet and communication lines like telephone
lines.
[0144] The foregoing programs may achieve part of
the foregoing functions.
[0145] In addition, the foregoing programs may be dif-
ferential files (or differential programs) which can be com-
bined with pre-installed programs of computer systems
to achieve the foregoing functions.
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REFERENCE SIGNS LIST

[0146]

1 flying vehicle
10 flight control unit
12 authentication information storage
30 flight positioning part
40 camera
60 monitor
80 power source
100 wireless communication device
101 CPU
102 storage
103 wireless communication part
104 positioning part
121 wireless measurement part
122 cell counter
123 communication controller
124 horizontal-direction position information acquisi-

tion part
125 flying-vehicle moving direction determination part
126 authentication request part
140 data storage

Claims

1. A wireless communication device installed in a flying
vehicle, comprising:

a wireless communication part configured to re-
ceive a wireless signal transmitted from a wire-
less base station;
a cell counter configured to count the number of
cells corresponding to wireless base stations
identified by wireless signals received by the
wireless communication part; and
a communication controller configured to
change a communication party selecting meth-
od to select the wireless base station serving as
a communication party from among a plurality
of wireless base stations serving as communi-
cation party candidates when an increment or a
decrement of a unit-time cell count representing
the counting result of the cell counter in a pre-
determined time is equal to or more than a pre-
determined threshold.

2. The wireless communication device according to
claim 1, wherein the communication controller
changes the communication party selecting method
to a predetermined sky communication party select-
ing method when the increment of the unit-time cell
count is equal to or more than the predetermined
threshold.

3. The wireless communication device according to

claim 2, further comprising a flying-vehicle moving
direction determination part configured to determine
whether a moving direction of the flying vehicle is
either a vertical direction or a horizontal direction,
wherein the communication controller currently us-
ing the sky communication party selecting method
changes the communication party selecting method
from the sky communication party selecting method
to a predetermined sky communication party select-
ing method for horizontal movement when the de-
termination result of the flying-vehicle moving direc-
tion determination part indicates that the moving di-
rection of the flying vehicle is the horizontal direction.

4. The wireless communication device according to
any one of claims 1 to 3, wherein the communication
controller changes the communication party select-
ing method to a predetermined ground communica-
tion party selecting method when the decrement of
the unit-time cell count in the predetermined time is
equal to or more than the predetermined threshold.

5. The wireless communication device according to
any one of claims 1 to 4, further comprising a hori-
zontal-direction position information acquisition part
configured to acquire horizontal-direction position in-
formation representing the position of the flying ve-
hicle in a horizontal direction, wherein the commu-
nication controller increases an interval of measuring
the unit-time cell count by a predetermined time upon
determining that a movement range of the flying ve-
hicle falls within a certain range based on the hori-
zontal-direction position information.

6. The wireless communication device according to
any one of claims 1 to 5, wherein the communication
party selecting method is configured to change
handover parameters for controlling handover with
the plurality of wireless base stations serving as the
communication party candidates.

7. The wireless communication device according to
claim 6, wherein the communication controller ac-
quires handover parameter candidates from the
wireless base station accessible by the flying vehicle
in its flight location.

8. The wireless communication device according to
any one of claims 1 to 5, wherein the communication
party selecting method is configured to inhibit hando-
ver in a predetermined time.

9. The wireless communication device according to
claim 8, wherein the communication controller ac-
quires information representing a handover inhibit
time from the wireless base station accessible by the
flying vehicle in its flight location.
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10. The wireless communication device according to
any one of claims 1 to 5, wherein the communication
party selecting method is configured to change a
number of wireless base stations conducting con-
current communications within the plurality of wire-
less base stations serving as the communication par-
ty candidates.

11. The wireless communication device according to
any one of claims 1 to 10, further comprising an au-
thentication request part configured to request au-
thentication of the flying vehicle by acquiring authen-
tication information of the flying vehicle from an au-
thentication information storage installed in the flying
vehicle and transmitting the authentication informa-
tion to an authentication server configured to authen-
ticate the flying vehicle, wherein the communication
controller changes the communication party select-
ing method when the authentication request of the
flying vehicle made by the authentication request
part results in a successful authentication while the
communication controller does not change the com-
munication party selecting method when the authen-
tication request results in a failed authentication.

12. A communication control method for a wireless com-
munication device installed in a flying vehicle, com-
prising:

a wireless reception step of the wireless com-
munication device to receive a wireless signal
transmitted from a wireless base station;
a cell counting step of the wireless communica-
tion device to count a number of cells corre-
sponding to wireless base stations identified by
wireless signals received in the wireless recep-
tion step; and
a communication control step of the wireless
communication device to change a communica-
tion party selecting method to select the wireless
base station serving as a communication party
from among a plurality of wireless base stations
serving as communication party candidates
when an increment or a decrement of a unit-time
cell count representing the counting result of the
cell counting step in a predetermined time is
equal to or more than a predetermined thresh-
old.

13. A computer program causing a computer of a wire-
less communication device, which is installed in a
flying vehicle and which includes a wireless commu-
nication part configured to receive a wireless signal
transmitted from a wireless base station, to imple-
ment:

a cell counting function of counting the number
of cells corresponding to wireless base stations

identified by wireless signals received by the
wireless communication part; and
a communication control function of changing a
communication party selecting method to select
the wireless base station serving as a commu-
nication party from among a plurality of wireless
base stations serving as communication party
candidates when an increment or a decrement
of a unit-time cell count representing the count-
ing result of the cell counting function in a pre-
determined time is equal to or more than a pre-
determined threshold.

14. A wireless communication device installed in a flying
vehicle, comprising:

a wireless communication part configured to re-
ceive a wireless signal transmitted from a wire-
less base station;
a neighboring cell list storage configured to store
a neighboring cell list received from the wireless
base station wirelessly connected to the wire-
less communication part; and
a communication controller configured to
change a communication party selecting meth-
od to select the wireless base station serving as
a communication party from among a plurality
of wireless base stations serving as communi-
cation party candidates due to the existence of
an unlisted cell not listed on the neighboring cell
list among a plurality of cells corresponding to
wireless base stations identified by wireless sig-
nals received by the wireless communication
part.

15. A wireless communication device installed in a flying
vehicle, comprising:

a wireless communication part configured to re-
ceive a wireless signal transmitted from a wire-
less base station;
a wireless measurement part configured to
measure a radio quality indicator based on the
wireless signal received by the wireless commu-
nication part; and
a communication controller configured to
change a communication party selecting meth-
od to select the wireless base station serving as
a communication party from among a plurality
of wireless base stations serving as communi-
cation party candidates when the radio quality
indicator measured by the wireless measure-
ment part satisfies a predetermined sky indica-
tor condition.

16. The wireless communication device according to
claim 14 or 15, wherein the communication controller
changes the communication party selecting method
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to a predetermined sky communication party select-
ing method.

17. The wireless communication device according to
claim 16, further comprising a flying-vehicle moving
direction determination part configured to determine
the moving direction of the flying vehicle is either a
vertical direction or a horizontal direction, wherein
the communication controller currently using the sky
communication party selecting method changes the
communication party selecting method from the sky
communication party selecting method to a prede-
termined sky communication party selecting method
for horizontal movement according to the determi-
nation result of the flying-vehicle moving direction
determination part indicating that the moving direc-
tion of the flying vehicle is the horizontal direction.

18. The wireless communication device according to
any one of claims 14 to 17, wherein the communi-
cation party selecting method is configured to
change handover parameters for controlling hando-
ver among a plurality of wireless base stations serv-
ing as the communication party candidates.

19. The wireless communication device according to
claim 18, wherein the communication controller ac-
quires handover parameter candidates from the
wireless base station accessible by the flying vehicle
in its flight location.

20. The wireless communication device according to
any one of claims 14 to 17, wherein the communi-
cation party selecting method is configured to inhibit
handover in a predetermined time.

21. The wireless communication device according to
claim 20, wherein the communication controller ac-
quires information representing a handover inhibit
time from the wireless base station accessible by the
flying vehicle in its flight location.

22. The wireless communication device according to
any one of claims 14 to 17, wherein the communi-
cation party selecting method is configured to
change a number of wireless base stations conduct-
ing concurrent communications within the plurality
of wireless base stations serving as the communi-
cation party candidates.

23. The wireless communication device according to
any one of claims 14 to 22, further comprising an
authentication request part configured to request au-
thentication of the flying vehicle by acquiring authen-
tication information of the flying vehicle from an au-
thentication information storage installed in the flying
vehicle and transmitting the authentication informa-
tion to an authentication server configured to authen-

ticate the flying vehicle, wherein the communication
controller changes the communication party select-
ing method when the authentication request of the
flying vehicle made by the authentication request
part results in a successful authentication while the
communication controller does not change the com-
munication party selecting method when the authen-
tication request results in a failed authentication.

24. A communication control method for a wireless com-
munication device installed in a flying vehicle, com-
prising:

a wireless reception step of the wireless com-
munication device to receive a wireless signal
transmitted from a wireless base station;
a neighboring cell list storing step of the wireless
communication device to store a neighboring
cell list, which is received from the wireless base
station wirelessly connected thereto, on a neigh-
boring cell list storage; and
a communication control step of the wireless
communication device to change a communica-
tion party selecting method to select the wireless
base station serving as a communication party
from among a plurality of wireless base stations
serving as communication party candidates due
to the existence of an unlisted cell not listed on
the neighboring cell list among a plurality of cells
corresponding to wireless base stations identi-
fied by wireless signals received in the wireless
reception step.

25. A computer program causing a computer of a wire-
less communication device, which is installed in a
flying vehicle and which includes a wireless commu-
nication part configured to receive a wireless signal
transmitted from a wireless base station, to imple-
ment:

a neighboring cell list storing function of storing
a neighboring cell list received from the wireless
base station wirelessly connected to the wire-
less communication part; and
a communication control function of changing a
communication party selecting method to select
the wireless base station serving as a commu-
nication party from among a plurality of wireless
base stations serving as communication party
candidates due to the existence of an unlisted
cell not listed on the neighboring cell list among
a plurality of cells corresponding to wireless
base stations identified by wireless signals re-
ceived by the wireless communication part.

26. A communication control method for a wireless com-
munication device installed in a flying vehicle, com-
prising:
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a wireless reception step of the wireless com-
munication device to receive a wireless signal
transmitted from a wireless base station;
a wireless measurement step of the wireless
communication device to measure a radio qual-
ity indicator based on the wireless signal re-
ceived in the wireless reception step; and
a communication control step of the wireless
communication device to change a communica-
tion party selecting method to select the wireless
base station serving as a communication party
from among a plurality of wireless base stations
serving as communication party candidates
when the radio quality indicator satisfies a pre-
determined sky indicator condition.

27. A computer program causing a computer of a wire-
less communication device, which is installed in a
flying vehicle and which includes a wireless commu-
nication part configured to receive a wireless signal
transmitted from a wireless base station, to imple-
ment:

a wireless measurement function of measuring
a radio quality indicator based on the wireless
signal received by the wireless communication
part; and
a communication control function of changing a
communication party selecting method to select
the wireless base station serving as a commu-
nication party from among a plurality of wireless
base stations serving as communication party
candidates when the radio quality indicator sat-
isfies a predetermined sky indicator condition.
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